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Single Supply, Rail to Rail 
Low Power FET-lnput Op Amp 




FEATURES 

TRUE SINGLE SUPPLY OPERATION 

Output Swings Rail to Rail 

Input Voltage Range Extends Below Ground 

Single Supply Capability from +3 V to +36 V 

Dual Supply Capability from ± L5 V to ± 18 V 
EXCELLENT LOAD DRIVE 

Capacitive Load Drive Up to 350 pF 

Minimum Output Current of 15 mA 
EXCELLENT AC PERFORMANCE FOR LOW POWER 

800 (jiA Max Quiescent Current 

Unity Gain Bandwidth: L8 MHz 

Slew Rate of 3.0 V/|ji.s 
EXCELLENT DC PERFORMANCE 

800 (jiV Max Input Offset Voltage 

1 (tV/°C Typ Offset Voltage Drift 

25 pA Max Input Bias Current 
LOW NOISE^ 

13 nV/VHz @ 10 kHz 

APPLICATIONS 

Battery Powered Precision Instrumentcition 
Photodiode Preamps 
Active Filters 

12- to 14-Bit Data Acquisition Systems 

Medical Instrumentation 

Low Power References and Regulcitors 



PRODUCT DESCRIPTION 

The AD 820 is a precision, low power FET input op amp that 
can operate from a single supply of +3.0 V to 36 V, or dual 
supplies of ±1.5 V to ±18 V. It has true single supply capability 
with an input voltage range extending below the negative rail, 
allowing the AD820 to accommodate input signals below 




INPUT BIAS CURRENT - pA 



Input Voltage Noise vs. Frequency 



REV. A 



Information furnished by Analog Devices is believed to be accurate and 
reliable. However, no responsibility is assumed by Analog Devices for its 
use, nor for any infringements of patents or other rights of third parties 
which may result from its use. No license is granted by implication or 
otherwise under any patent or patent rights of Analog Devices. 



CONNECTION DIAGRAMS 



8-Pin Plastic Mini-DIP 



8-Pin SOIC 
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ground in the single supply mode. Output voltage swing extends 
to within 10 mV of each rail providing the maximum output 
dynamic range. 

Offset voltage of 800 |iV max, offset voltage drift of 1 m.V/°C , typ 
input bias currents below 25 pA and low input voltage noise 
provide dc precision with source impedances up to a G igaohm. 
1.8 MHz unity gain bandwidth, -93 dB T H D at 10 kH z and 
3 V/|as slew rate are provided for a low supply current of 
800 \jA. T he AD 820 drives up to 350 pF of direct capacitive 
load and provides a minimum output current of 15 mA. T his 
allows the amplifier to handle a wide range of load conditions. 
T his combination of ac and dc performance, plus the outstand- 
ing load drive capability, results in an exceptionally versatile am- 
plifier for the single supply user. 

The AD 820 is available in three performance grades. The A and 
B grades are rated over the industrial temperature range of 
-40°C to +85°C.Thereis3 voltgrade-theAD820A-3V, rated 
over the industrial temperature range. 

TheAD820 is offered in two varieties of 8-pin pacl<age: plastic 
DIP, and surface mount (SOIC). 




Gain of +2 Amplifier; Vs =-f5, 0, V/w =2.5 VSIne Centered 
at 1.25 Volts 



OneTedinologyWay,P.O.Box91O6vNonwood,MAO2O62-9106v USA. 
Td: 617/3294700 Fax: 617/326-8703 



AD820- SPECIFICATIONS 

(Vs = 0, 5 volts (@ Ta = +25°C, VcM = V, Vqut = 0.2 V unless otherwise noted) 









AD820A 






AD820B 








Parameter 


Conditions 


Min 


Typ 


Max 


Min 


Typ 


Max 


Units 


DC PERFORMANCE 
























1 nitial Offset 






0. 


1 


0.8 




0.1 


0.4 


mV 


M ax Offset over Temperature 






0.5 


1.2 




0.5 


0.9 


mV 


Offset D rift 

\J 1 1 J^L L/ 1 1 1 L 






2 








2 




nv/°c 


1 nput B ias C urrent 


Vn = V to 4 V 




2 




25 




2 


10 


pA 


9t T M AX 






0.5 


5 




0.5 


2.5 


nA 


1 nniit nffspl" C iirrpnt 






2 




20 




2 


10 


pA 








0.5 






0.5 




nA 


Open-Loop Gain 


Vo = 0.2 V to 4 V 
























Rl = 100k 


400 


1000 




500 


1000 




V/mV 


Tmin to T max 




400 








400 








V/mV 




Rl =10k 


80 


150 




80 


150 




V/mV 


Tmin to T max 




80 








80 








V/mV 




Rl =lk 


15 


30 




15 


30 




V/mV 


Tmin to T max 




10 








10 








V/mV 


N 01 SE/H ARIVI ON 1 C PE R F OR IV| AN C E 
























1 nput Voltage N oise 
























1 H 7 tn 1 H 7 






2 








2 




HV p-p 


f = 10 H 2 






25 






25 




nV/VHz 


f = 100 Hz 






21 






21 




nV/VHz 


f = 1 kH z 






16 






16 




nV/VHz 


f = 10l<Hz 






13 






13 




nV/VHz 


Input Current N oise 
























0.1 Hz to 10 Hz 






18 






18 




fA 


P-P 


f = 1 kHz 






0.8 






0.8 




fA/VHz 


H armonic D istortion 


Rl = 10k to 2.5 V 






















f = 10kHz 


Vo = 0.25 V to 4.75 V 




-93 








93 




dB 


DYNAMIC PERFORMANCE 
























Unity Gain Frequency 






1 


8 






1.8 




M 


Hz 


Full Power Response 


Vo p-p=4.5V 




210 






210 




kHz 


Slew Rate 






3 








3 




V/us 


Settling T ime 
























to 0.1% 


Vo = 0.2 V to 4.5 V 




1.4 






1.4 




us 




to 0.01% 






1. 


8 






1.8 




us 




INPUT CHARACTERISTICS 

1 1 V 1 \j 1 1 1 / V 1 \n \^ 1 i_ 1 \ 1 ^ 1 1 ^ 
























C ommon-M ode Voltage Range^ 




-0.2 






4 


-0.2 






4 


V 




Tmin to T max 




-0.2 






4 


-0.2 






4 


V 




CM RR 


VcM = V to +2 V 


66 


80 




72 


80 




dB 


Tmin to T max 


66 








66 








dB 


Input Impedance 






10" 








10" 










D ifferential 






0.5 






0.5 




n 


pF 


Common M ode 






10" 


2.8 






10" 


2.8 




a 


pF 


OUTPUT CHARACTERISTICS 
























OutDut Saturation Voltaae^ 
























Vni -Vcc 

* OL * EE 


IciMi^ = 20 uA 

' SIN K 




5 




7 




5 


7 


mV 


Tmin to T m ax 










10 








10 


mV 


V CC V OH 


1 cni 1 n r ?n llA 

' sou RCE 




10 


14 




10 


14 


mV 


Tmin ^0 T [y] ax 










20 








20 


mV 


* OL V EE 


1 ciM I' =2 mA 

' sin K ^ 1 1 




40 


55 




40 


55 


mV 


Tmin to T ^ ax 










80 








80 


mV 


V /~ — U LI 

' LL OH 


1 cnii or c =2 mA 
' sou RCE ^ 1 1 in 




80 


110 




80 


110 


mV 


Tmin to T m ax 










160 








160 


mV 


"OL 'EE 


'sink 




300 


500 




300 


500 


mV 


Tmin to T max 










1000 








1000 


mV 


Vcc-VoH 


IsouRCE = 15 mA 




800 


1500 




800 


1500 


mV 


Tmin to T max 










1900 








1900 


mV 


Operating Output Current 




15 








15 








mA 


Tmin to T max 




12 








12 








mA 


Snort C ircuit C urrent 






25 






25 




mA 


Capacitive Load Drive 






350 






350 




PF 


POWER SUPPLY 
























Ouiescent Current 


Tmin to T max 




620 


800 




620 


800 


mA 


Power Supply Rejection 


V5+ = 5Vto 15 V 


70 


80 




66 


80 




dB 


Tmin to T max 




70 








66 








dB 
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REV. A 



(Vs = +5 volts (@ Ta = +25°C, Vcm = V, Vqut = V unless otherwise noted) 



AD820 









AD82CA 






AD820B 








Parameter 


Conditions 


Min 


Typ 


Max 


Min 


Typ 


Max 


Units 


DC PERFORM ANCE 
























1 1 1 1 LI Cll \J W DCL 






0.1 


8 




0.3 


4 


mV 


M ax Off'^pl" nvw T pmnpraturp 






0.5 


1.5 




0.5 


1 


mV 


DffQPt n rift 

\J 1 1 OCL 1 1 1 L 






2 








2 




^lV/°C 


1 nnt it" R r urrpni" 


\/r,. = -5 V to 4 V 




2 




25 




2 


10 


pA 


af- T 

al- 1 MAX 






0.5 






0.5 


2 5 


nA 


1 nniit nff^t C iirrpnt 






2 








2 


in 


pA 








0.5 






0.5 




nA 


Open-Loop Gain 


Vo = 4Vto-4V 
























Rl = 100k 


400 


1000 




400 


1000 




V/mV 


Tmin to T max 




400 








400 








V/mV 




Rl =10k 


80 


150 




80 


150 




V/mV 


Tmin to T max 




80 








80 








V/mV 




Rl =lk 


20 


30 




20 


30 




V/mV 


Tmin to T m ax 




10 








10 








V/mV 


|\| n 1 c;F /H A R M ON 1 r PFRFORMANfF 
























1 nout Voltaae N oise 






























2 








2 




^V p-p 


f _ 1 A |_| 7 






25 






25 




nV/VHz 








21 






21 




nV/VHz 


f = 1 kH z 






16 






16 




nV/VHz 


f = 101<Hz 






13 






13 




nV/VHz 


1 nput Current N oise 
























0.1 Hz to 10 Hz 






18 






18 




fA p-p 


f = 1 l<H z 






0.8 






0.8 




fA/VHz 


H armonic D istortion 


Rl =10k 






















f = 10kHz 


Vo =±4.5 V 




-93 








93 




dB 


DYNAM IC PERFORMANCE 
























U nity Gain Frequency 






1.9 






1.8 




MHz 


F ull Power Response 


VoP-p = 9V 




105 






105 




kHz 


Slew Rate 






3 








3 




V/us 


Settling T ime 
























to 0.1% 


Vo = 0Vto±4.5 V 




1.4 






1.4 




MS 




to 0.01% 






1.8 






1.8 




MS 




INPUT rHARACTFRI'^Tir'^ 
























C ommon-M ode Voltage Range^ 




-5.2 






4 


-5.2 






4 


V 




Tmin to T max 




-5.2 






4 


-5.2 






4 


V 




CM RR 


Vcm =-5Vto+2V 


66 


80 




72 


80 




dB 


Tmin to T max 


66 








66 








dB 


Input Impedance 






1013 








10" 










D ifferentlal 






0.5 






0.5 




Q.\ 


pF 


Common M ode 






1013 


2.8 






10" 


2.8 




a\ 


pF 


OUTPUT CHARACTERISTICS 

\_/ 1 1 (.y 1 1 1 n 1 \ i \ \_> 1 i_ 1 \ 1 .J 1 1 \vi 
























Oiilriiil" ^afiiratifin Vnltanp^ 
























* OL * EE 


IciKii/ = 20 uA 

' sin K 




5 




7 




5 


7 


mV 


Tmin to T max 










in 








in 


mV 


VcC"VoH 


'SOURCE — (JH 




10 


14 




10 


14 


mV 


Tmin to T max 










20 








20 


mV 


" OL » EE 


1 rill ly =9 mA 

1 SIN K ^ III" 




40 


55 




40 


55 


mV 


Tmin to T m ax 










80 








80 


mV 


y cc "Vqh 


1 cnii or c =2 mA 

' sou RCE ^ 1 1 




80 


110 




80 


110 


mV 


Tmin to T m ax 










160 








1 60 


mV 


V^, -Vnn 

»0L »EE 


'SINK ■'■J "1" 




300 






300 




mV 


Tmin to T max 










1000 








1000 


mV 


Vcc"VoH 


IsouRCE = 15 mA 




800 


1500 




800 


1500 


mV 


Tmin to T max 










1900 








1900 


mV 


Operating Output Current 




15 








15 








mA 


Tmin to T max 




12 








12 








mA 


Short Circuit Current 






30 






30 




mA 


Capacitive Load Drive 






350 






350 




PF 




POWER SUPPLY 
























Quiescent Current 


Tmin to T max 




650 


800 




620 


800 


ma 


Power Supply Rejection 


Vs-I- = 5V to 15 V 


70 


80 




70 


80 




dB 


Tmin to T max 




70 








70 








dB 



REV. A 
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AD820- SPECIFICATIONS (Vs = ±15 volts (@ Ta = +25°C, Vcm = V, Vqut = V unless otherwise noted) 









AD82GA 






AD820B 








Parameter 


Conditions 


Min 


Typ 


Max 


Min 


Typ 


Max 


Units 


DC PERFORMANCE 
























Initial Offset 






0.4 


2 




0.3 


1.0 


mV 


M ax Offset over Temperature 






0.5 


3 




0.5 


2 


mV 


Offset D rift 






2 








2 




nv/°c 


Input Bias Current 


Vcm = 0V 




2 




25 




2 


10 


pA 




Vcm =-10 V 




40 






40 




pA 


at T M AX 


Vcm = 0V 




0.5 


5 




0.5 


2.5 


nA 


1 nput Offset Current 




2 




20 




2 


10 


pA 


9t T M AX 






0.5 






0.5 




nA 


Onon-I nnn (^ain 
^ci 1 \-UU\j yja\i\ 


- 4-in\/ tn -inv 

V — X±U V LU ±U V 
























Rl = 100k 


500 


2000 




500 


2000 




V/mV 


1 U 1 M LO I MAY 




500 








500 








V/mV 




Rl = 10k 


100 


500 




100 


500 




V/mV 


T i-nT 

' M 1 N to 1 M AX 




100 








100 








V/mV 




Rl = Ik 


30 


45 




30 


45 




V/mV 


T tn T 

1 M IN l-O 1 MAX 




20 








20 








V/mV 


NOISE/HARMONIC PERFORMANCE 
























Input Voltage N oise 
























0.1 Hz to 10 Hz 






2 








2 




mv p-_p_ 


f = 10Hz 






25 






25 




nV/VHz 


f = 100 Hz 






21 






21 




nV/VHz 


f _ -1 IcU 7 

1 — J. Kr\ L. 






16 






16 




nV/VHz 


f = 10 kHz 






13 






13 




nV/VHz 


Input Current Noise 
























0.1 Hz to 10 Hz 






18 






18 




fA 


P-P 


f = 1 kH z 






0.8 






0.8 




fANHz 


H armonic D istortion 


Rl = 10k 






















f = 10 kHz 


Vn =+10 V 




-85 








85 




dB 


DYNAMir PFRFORMAWrF 
























1) nitv fi ain F rpnupnrv 






1.9 






1.9 




MHz 


F ull Power Response 


Vn D-D = 20V 

\j r r 




45 






45 




kHz 


Slew Rate 






3 








3 




V/us 


Settllna T ime 
























to 0.1% 


Vo = V to +10 V 




4.1 






4.1 




MS 




to 0.01% 






4.5 






4.5 




MS 




INPUT CHARACTERISTICS 
























C nmmnn-M nrlo \/ nl tano R anno-'- 

L'UIIIIIIUII I'lUUCvUI LQ^C r\ Q] I^C 










±t 








14 


V 




T M 1 N to M AX 




-15.2 






14 


-15.2 






14 


V 




CM RR 


Vcm =-15 V to 12 V 


70 


80 




74 


90 




dB 


1 rti 1 M rO 1 M A V 
' |V| 1 IM ' M A A 


70 








74 








dB 


1 nput 1 mpedance 






10^3 








10^3 










Differential 






0.5 






0.5 




a| 


pF 


C ommon M ode 






1013 


2.8 






1013 


2.8 






pF 


OUTPUT CHARACTERISTICS 
























Output Saturation Voltage^ 
























Vol-Vee 


IsiNK =20nA 




5 




7 




5 


7 


mV 


Tmin to T m ax 










10 








10 


mV 


Vcc-VoH 


IsouRCE =20nA 




10 


14 




10 


14 


mV 


Tmin to T m ax 










20 








20 


mV 


Vol-Vee 


IsiNK =2 mA 




40 


55 




40 


55 


mV 


Tmin to T max 










80 








80 


mV 


Vcc-Vqh 


IsouRCE =2 mA 




80 


110 




80 


110 


mV 


Tmin to T max 










160 








160 


mV 


Vol-Vee 


IsiNK =15mA 




300 


500 




300 


500 


mV 


Tmin to T max 










1000 








1000 


mV 


"CC "OH 


ISOURCE J-3 III" 




800 


1 "inn 




800 


1 "inn 


mV 


Tmin to T max 










1900 








1900 


mV 


oeratina utout C urrent 




20 








20 








mA 


1 ryi 1 M rO 1 M A V 

' |V| 1 1\| 1 |V| aa 




15 








15 








mA 


Short Circuit Current 






45 






45 




mA 


Tmin to T max 




















mA 


Capacitive Load Drive 






350 






350 




PF 




POWER SUPPLY 
























Quiescent Current 


Tmin to Tmax 




700 


900 




700 


900 


mA 


Power Supply Rejection 


Vs+ = 5 V to 15 V 


70 


80 




70 


80 




dB 


Tmin to Tmax 




70 








70 








dB 
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REV. A 



(Vs = 0, 3 volts (@ Ta = +25°C, Vcm = V, Vqut = 0.2 V unless otherwise noted) AD820 









AD820A-3\/ 




Parameter 


Conditions 


Min 


TVD 


Max 


Units 


nr PFRFORM ANTF 












1 nil'ial nffcot" 
1 IIILIdl VJ llbcL 






u.z 


1 
1 


mV 
III V 


|v| aX U 1 1 DcL UVci 1 ciiipciaLUic 






0.5 


1.5 


111 V 


nffcQt" n rift 






1 




ii\//or 


lll|JUL Dldb^UllCllL 


V — n \/ tn -1-9 \/ 
"CM "UV LUTZV 




2 


25 


nA 
pA 


□1- T 

at 1 MAX 






0.5 


5 


n A 
MM 


1 n m it O ff 1 1 rrQn^ 
1 1 1 p U L UN bcL U U 1 1 Cl 1 L 






2 


20 


nA 
pA 


at T 

at 1 MAX 






0.5 




n A 
IIA 


Onpn-I nnn fnain 


Va = ? V to 2 V 












Rl = 100k 


300 


1000 


V/mV 


TmIM tOTMAX 

I'l 1 l>J l^'l M A 




400 






V/mV 




Rl = 10k 


60 


150 




V/mV 


T tn T 

' M 1 N ' MAX 




80 






V/mV 




Rl = Ik 


10 


30 




V/mV 


1 Kyi 1 hi III I hH A V 

1 M 1 l\l '-'^ ' m Aa 




8 






V/mV 


MniQF/HADMnMir PFRFORMAMTF 
IMUIjC/nArvlvi UIM l\- rCr\rur\|v| MIMV- L. 












1 nni if" Vnlfano M nico 












U.i n Z to iU n Z 






2 




p -p 


f — 1 n ui 7 
r — iu ti z 






25 




n V / \ tiz 


f _ 1 AA U -7 

r — iuu ti z 






21 




n V / V tiz 


f = 1 kH z 






16 




1 1 V / \ ITLZi 


f = 10 kHz 






13 




nV/VHz 


1 nput C urrent N oise 












0.1 Hz to 10 Hz 






18 




fA p-p 


f = 1 kH z 






0.8 




fA/VHz 


Harmonic Distortion 


Rl = 10k to 1.5 V 










f = 10kHz 


Vo =±1.25 V 




-92 




dB 


DYNAM IC PERFORMANCE 












U nity Gain Frequency 






1.5 




MHz 


Full Power Response 


VoP-p = 2.5V 




240 




kHz 


Slew Rate 






3 




V/ns 


Settling Time 












to 0.1% 


Vo = 0.2 V to 2.5 V 




1 




US 


to 0.01% 






1.4 




us 


IMDIIT rUADATTPDI CT 1 C C 
1 IM r U 1 L n AKAL 1 t K 1 b 1 1 L j 












Common-M ode Voltage Range^ 




-0.2 




2 


V 


T M IM to T MAX 




-0.2 




2 


V 


CMRR 


Vcm = OVto+lV 


60 


74 




dB 


Tmin to T m ax 


60 






dB 


Input Impedance 












Differential 








n 

U.J 


a||pF 


Common M ode 






in" 


2 R 


n||pF 


niiTPiiT ri-iARArTFRi<^Tirt; 












vj ULfJUL DdLUI qLIUII VUlLdyc 












Vol V EE 


1 ... — 9n 1 lA 

ISINK - [OA 




c 

J 


7 
/ 


111 V 


T tn T 

1 M IN 1 MAX 








1 n 


111 V 


\/ \/ 
•CC "OH 


1 — 9n riA 
'source - [OA 




10 


14 


111 V 


X tn X . . ... 
1 M IN to 1 MAX 








20 


lllv 


\/„ -\/ 

Vol V EE 


1 — "J mA 

'sink - ^ mrt 




40 


55 


mU 


T tri T 
1 M IN to 1 MAX 








80 


lllv 


\/„,_\/„,, 
"CC "OH 


'SOURCE - ^ 'I'A 




80 


110 


m\/ 
lllv 


T t-A T 

1 M IN to 1 MAX 








160 


m\/ 
lllv 


Vol-Vee 


'sink - J-U 




200 


400 


mv 


T f-n T 

1 M IN to 1 MAX 








400 


m\/ 
III V 


"CC "OH 


'SOURCE I'l" 




500 


1000 


mV 


1 r;i 1 M to 1 M A V 








1000 


mV 


Operating Output C urrent 




15 






mA 


M 1 M to MAY 
iv| 1 |^J ^ |v| A 




12 






mA 


Short Circuit Current 




18 


25 




mA 


Tmin to T max 




15 






mA 


Capacitive Load Drive 






350 




PF 


POWER SUPPLY 












Ouiescent C urrent 


Tmin to T max 




620 


800 


^lA 


Power Supply Rejection 


Vs+ = 3 V to 15 V 


70 


80 




dB 


Tmin to T max 




70 






dB 
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AD820- SPECIFICATIONS 



NOTES 

his is a functionai specification. Ampiifier bandwidth decreases when the input common-mode voitage is driven in the range (+V ; -1 V) to +Vs. 
Common-mode error voitage is typicaiiy iessthan 5 mV with the common-mode voitage set at 1 voit beiow the positive suppiy. 
^Vql-Vee is defined as the difference between theiowest possibie output voitage (Vql) and the minus voitage suppiy raii (Vee)- 
Vcc-VoH is defined as the difference between the highest possibie output voitage (Vqh) and the positive suppiy voitage (Vcc). 
Specifications subject to change without notice. 

CAUTION 

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD820 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 



NOTES 

^Stresses above those iisted under "Absoiute (vjaximum Ratings" may cause 
permanent damage to the device. This is a stress rating oniy and functionai 
operation of the device at these or any other conditions above those indicated in 
the operationai section of this specification is not impiied. Exposure to absoiute 
maximum rating conditions for extended periods may affect device reiiabiiity. 
^S-Pin Piastic DIP Paci<age: Sja = 90°C/Watt 
8-Pin SOI C Package: e,A = leCC/Watt 



ORDERING GUIDE 



Model 


Temperature Range 


Package Description 


AD820AN 


-40°C to +85°C 


8-Pin Plastic M ini-DIP 


AD820BN 


-40°C to -l-85°C 


8-Pin Plastic |V| ini-DIP 


AD820AR 


-40°C to -l-85°C 


8-Pin SOIC 


AD820BR 


-40°C to +85°C 


8-Pin SOIC 


AD820AR-3V 


-40°C to +85°C 


8-Pin SOIC 


AD820AN-3V 


-40°C to +85°C 


8-Pin Plastic M ini-DIP 




ABSOLUTE MAXIMUM RATINGS^ 

Supply Voltage ±18 V 

Internal Power Dissipation^ 

Plastic DIP (N) 1.6 Watts 

SOIC (R) 1.0 Watts 

Input Voltage (-i-Vs-i- 0.2 V) to - (20 V -i-Vs) 

Output Short Circuit Duration Indefinite 

D ifferential I nput Voltage ±30 V 

Storage T emperature Range (l\l ) -65°C to +125°C 

Storage T emperature Range (R) -65°C to -l-150°C 

perating T emperature Range 

AD820A/B -40°C to -l-85°C 

Lead Temperature Range 

(Soldering 60 sec) +260°C 
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Figure 1. Typical Distribution of Offset Voitage (248 Units) 
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Figure 4. Input Bias Current vs. Common-Mode 
Voltage; Vs=-f5V,0 V and Vs =+5 V 
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Figure 2. Typical Distribution of Offset Voltage Drift 
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Figure 5. Input Bias Current vs. Common-Mode 
Voltage; Vs =+15 V 
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Figure 3. Typical Distribution of Input Bias Current 
(213 Units) 
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Figure 6. Input Bias Current vs. Temperature; 
Vs =5 V VcM =0 



REV. A 



-7- 



AD820- Typical Characteristics 
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Figure 7. Open-Loop Gain vs. Load Resistance 
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Figure 10. Input Error Voitage witii Output Voitage within 
300 mV of Eitlier Supply Rail for Various Resistive Loads; 
Vs =+5 V 
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Figure 8. Open-Loop Gain vs. Temperature 
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Figure 11. Input Voltage Noise vs. Frequency 
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Figure 9. Input Error Voltage vs. Output Voltage for 
Resistive Loads 
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Figure 12. Total Harmonic Distortion vs. Frequency 
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Figure 21. Quiescent Current vs. Supply Voitage vs. 
Temperature 
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Figure 24. Unity-Gain Follower 



Figure 27. Large Signal Response Unity Gain Follower; 
Vs=+15V, Rl=10I<S1 
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Figure 25. 20 V, 25 kHz Sine Input; Unity Gain Follower; 
Rl =600 a, Vs =+15V 



Figure 28. Small Signal Response Unity Gain Follower; 
Vs=+15V, Rl=10I<£2 
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Figure 26. Vs =-t5V, V; Unity Gain Follower Response 
toOVto4VStep 



Figure 29. Vs =-f5V, V; Unity Gain Follower Response 
toOVtoSVStep 
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Figure 30. Unity-Gain Follower 



Figure 33. Vs =-f5V, V; Unity Gain Follower Response 
to 40 mV Step Centered 40 mV Above Ground 
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Figure 31. Gain of Two Inverter 



Figure 34. Vs =-t5V, V; Gain of Two Inverter Response 
to 20 mV Step, Centered 20 mV Below Ground 
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Figure 32. Vs =-l5\/, V; Gain of Two Inverter Response 
to 2.5 V Step Centered -1.25 V Below Ground 



Figure 35. Vs =3 V V; Gain of Two Inverter, =1-25 V, 
25 kHz, Sine Wave Centered at -0. 75 V, Rl =600 £2 
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APPLICATION NOTES 
INPUT CHARACTERISTICS 

In the AD 820, n-channel JFETsareused to provide a low 
offset, low noise, high impedance input stage. M inimum input 
common-mode voltage extends from 0.2 V below -Vs to 1 V 
less than +Vs. D riving the input voltage closer to the positive 
rail will cause a loss of amplifier bandwidth (as can be seen by 
comparing the large signal responses shown in F igures 26 and 
29) and increased common-mode voltage error as illustrated in 
Figure 17. 

TheAD820 does not exhibit phase reversal for input voltages 
up to and including +Vs. F igure 36a shows the response of an 
AD 820 voltage follower to a V to +5 V (+Vs) square wave 
input. T he input and output are superimposed. T he output 
polarity tracks the input polarity up to -l-Vs— no phase reversal. 
T he reduced bandwidth above a 4 V input causes the rounding 
of the output waveform. For input voltages greater than +Vs, a 
resistor in series with the AD820's plus input will prevent phase 
reversal, at the expense of greater input voltage noise. T his is 
illustrated in Figure 36b. 

Since the input stage uses n-channel J F ET s, input current 
during normal operation is negative; the current flows out from 
the input terminals. If the input voltage is driven more positive 
than -i-Vs - 0.4 V, the input current will reverse direction as 
internal device junctions become forward biased. This is 
illustrated in Figure 4. 
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Figure 36. (a) Response with Rp =0; from to -tVs 
(b) =OtoWs +200 mV 
VouT=Oto Ws 
Rp=49.9l<£l 



A current limiting resistor should be used in series with the 
input of the AD 820 if there is a possibility of the input voltage 
exceeding the positive supply by more than 300 mV, or if an 
input voltage will be applied to the AD 820 when ±Vs = 0. The 
amplifier will bedamaged if left in that condition for more than 
10 seconds. A 1 1<£2 resistor allows the amplifier to withstand up 
to 10 volts of continuous overvoltage, and increases the input 
voltage noise by a negligible amount. 

I nput voltages less than -Vj are a completely different story. 
T he amplifier can safely withstand input voltages 20 volts below 
the minus supply voltage as long as the total voltage from the 
positive supply to the input terminal is less than 36 volts. In 
addition, the input stage typically maintains picoamp level input 
currents across that input voltage range. 

The AD 820 is designed for 13 nV/VHz wideband input voltage 
noise and maintains low noise performance to low frequencies 
(refer to F igure 11). T his noise performance, along with the 
AD820'slow input current and current noise means that the 
AD820 contributes negligible noise for applications with source 
resistances greater than 10 and signal bandwidths greater 
than 1 l<H z. T his is illustrated in F igure 37. 
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Figure 37. Total Noise vs. Source Impedance 

OUTPUT CHARACTERISTICS 

The AD820's unique bipolar rail-to-rail output stage swings 
within 5 mV of the minus supply and 10 mV of the positive 
supply with no external resistive load. TheAD820'sapproxi- 
mate output saturation resistance is 40 n sourcing and 20 D. 
sinking. T his can be used to estimate output saturation voltage 
when driving heavier current loads. For instance, when sourcing 
5 mA, the saturation voltage to the positive supply rail will be 
200 mV, when sinking 5 mA, the saturation voltage to the 
minus rail will he 100 mV. 

T he amplifier's open-loop gain characteristic will change as a 
function of resistive load, as shown in Figures 7 through 10. For 
load resistances over 20 kfi, the AD820's input error voltage is 
virtually unchanged until the output voltage is driven to 180 
mV of either supply. 

If the AD 820's output is driven hard against the output satura- 
tion voltage, it will recover within 2 [is of the input returning to 
the amplifier's linear operating region. 
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D irect capacitive load will interact with the amplifier's effective 
output impedance to form an additional pole in the amplifier's 
feedback loop, which can cause excessive peal<ing on the pulse 
response or loss of stability. Worst case is when the amplifier is 
used as a unity gain follower. Figure38 showstheAD820's 
pulse response as a unity gain follower driving 350 pF . T his 
amount of overshoot indicates approximately 20 degrees of 
phase margin— the system is stable, but is nearing the edge. 
Configurations with less loop gain, and as a result less loop 
bandwidth, will be much less sensitive to capacitance load 
effects. F igure 39 is a plot of capacitive load that will result in a 
20 degree phase margin versus noise gain fortheAD820. Noise 
gain is the inverse of the feedbacl< attenuation factor provided 
by the feedback network in use, 




Figure 38. Small Signal Response of AD820 as Unity Gain 
Follower Driving 350 pF Capacitive Load 




Figure 39. Capacitive Load Tolerance vs. Noise Gain 

Figure 40 shows a possible configuration for extending 
capacitance load drive capability for a unity gain follower. With 
these component values, the circuit will drive 5,000 pF with a 
10% overshoot. 
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Figure 40. Extending Unity Gain Follower Capacitive Load 
Capability Beyond 350 pF 

OFFSET VOLTAGE ADJUSTMENT 

T he AD 820's offset voltage is low, so external offset voltage 
nulling is not usually required. Figure 41 shows the recom- 
mended technique for AD 820's packaged in plastic DIPs. 
Adjusting offset voltage in this manner will change the offset 
voltage temperature drift by 4 |.iV/°C for every millivolt of in- 
duced offset. The null pins are not functional for AD 820s in the 
SO-8 "R" package. 




Figure 41. Offset Null 

APPLICATIONS 

Single Supply Half-Wave and Full-Wave Rectifiers 

An AD 820 configured as a unity gain follower and operated 
with a single supply can be used as a simple half-wave rectifier. 
The AD 820's inputs maintain pi coamp level input currents even 
when driven well below the minus supply. T he rectifier puts that 
behavior to good use, maintaining an input impedance of over 
10"fl for input voltages from 1 volt from the positive supply to 
20 volts below the negative supply. 

The full and half-wave rectifier shown in Figure 42 operates as 
follows: when V|n is above ground, Rl is bootstrapped through 
the unity gain follower Al and the loop of amplifier A2. T his 
forces the inputs of A2 to be equal, thus no current flows 
through Rl or R2, and the circuit output tracks the input. When 
V|N is below ground, the output of Al is forced to ground. The 
noninverting input of amplifier A2 sees the ground level output 
of Al, therefore A2 operates as a unity gain inverter. The output 
at nodeC is then a full-wave rectified version of the input. Node 
B is a buffered half-wave rectified version of the input. I nput 
voltages up to ±18 volts can be rectified, depending on the 
voltage supply used. 
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Figure 42. Single Suppiy Haif- and Fuii-Wave Rectifier 



4.5 Volt Low Dropout, Low Power Reference 

The rail-to-rail performance of the AD 820 can be used to pro- 
vide low dropout performance for low power reference circuits 
powered with a single low voltage supply. F igure 43 shows a 
4.5 volt reference using the AD 820 and the AD 680, a low power 
2.5 volt bandgap reference. R2 and R3 set up the required gain 
of 1.8 to develop the 4.5 volt output. Rl and C2 form a low- 
pass RC filter to reduce the noise contribution of theAD680. 
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OUTPUT 



+5VO 




+4.5V 
OUTPUT 



COMMON 



Low Power Three-PofeSallen Key Low- Pass Filter 

TheAD820's high input impedance mal<es it a good selection 
for active filters. H igh value resistors can be used to construct 
low frequency filters with capacitors much less than 1 |j,F. The 
AD820's picoamp level input currents contribute minimal dc 
errors. 

F igure 44 shows an example, a 10 H z three-pole Sallen K ey 
F liter. T he high value used for Rl minimizes interaction with 
signal source resistance. Pole placement in this version of the 
filter minimizes the Q associated with the two-pole section of 
the filter. T his eliminates any peaking of the noise contribution 
of resistors Rl, R2, and R3, thus minimizing the inherent 
output voltage noise of the filter. 
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Figure 44. 10 Hz Sallen Key Low-Pass Filter 



Figure 43. Single Supply 4.5 Volt Low Dropout Reference 

With a 1 mA load, this reference maintains the 4.5 volt output 
with a supply voltage down to 4.7 volts. T he amplitude of the 
recovery transient for a 1 mA to 10 mA step change in load 
current is under 20 mV, and settles out in a few microseconds. 
Output voltage noise is less than 10 |xV rms in a 25 kHz noise 
bandwidth. 
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OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 



Mini-DIP (N) Package 




SOIC (R) Package 
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